[E] 


Lo 


CLASSIFICATION СНА: 


МАСА ЕМ Аз Л4а, 


Copy р 
RM АБ3114: 


| 
1 EFFECTS OF LEADING-EDGE CHORD EXTENSIONS AND AN ALL- 
! JMOYABLE HORIZONTAL TAIL ON THE AERODYNAMIC CHARAC- 
! TERISTICS OF А WING-BODY COMBINATION EMPLOYING 
| 544 А TRIANGULAR WING OF ASPECT RATIO 8 
| ыг MOUNTED IN A HIGH POSITION AT SUB- 
! - SONIC AND SUPERSONIC SPEEDS 
- ШЕ 2232 
2 35s Benton E. Wetzel and Frank A. Pfyl 
ла | ' 
1 н 
7 Мм . Ames Aeronautical Laboratory 
73 3 Y 4 Moffett Field, Calif. 
<! ` 
ма WoW a 
2159 | LIBRAR 
Sige s Y COPY 
ЗЕ е 
MEPS: ЈАЛ 111954 
Ц өр. 
| 2 КОО. 
| 1 | уа LANGLEY FIELD. ЧО VIA 
В. > : EO MT Та, РАС окт. т палати, "ig алэлцаахл ог, таас which in act 
е да manner to person 15 tect Бу 


NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 


WASHINGTON 
January 6, 1954 


“CONFIDENTIAL 


ШИШ P 


1176 0 


_ МАСА RM A53J1le | hl 


-- н — e 


NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 


EFFECTS OF LEADING-EDGE CHORD EXTENSIONS AND AN ALL- 
MOVABLE HORIZONTAL TAIL ON THE AERODYNAMIC CHARAC- 
TERISTICS OF A WING-BODY COMBINATION EMPLOYING 
A TRIANGULAR WING OF ASPECT RATIO 3 
MOUNTED IN A HIGH POSITION AT SUB- 

SONIC AND SUPERSONIC SPEEDS 


By Benton E. Wetzel ап9 Frank A. Pfyl 
SUMMARY 


The results of &n experimental investigation of the effect of 
leading-edge chord extensions on the aerodynamic characteristics of a 
wing-body-t&il combination employing а 3-percent-thick triangular wing 
of aspect ratio 3 in conjunction with an unswept, all-movable, horizontal 
tail located below the wing-chord plane are presented. Lift, drag, 
pitching moment, and hinge moment were measured at Mech numbers varying 
from 0.6 to 0.9 and from 1.2 to 1.9, at a Reynolds number of 3.8 million. 
The angle of attack was varied from -h? to +17° at constant horizontal- 
tail deflections varying from +10 to -2h°. Data are also presented for 
the model without the horizontal tail. 


The wing-body-t&il combination was tested with 13.35-percent-chord, 
leading-edge chord extensions on the outer 50 percent of the wing semi- 
span in an effort to improve the undesirable static longitudinal stability 
characteristics of the triangular wing at moderate-to-high lift coeffi- 
cients at subsonic speeds. To improve, also, the ровове lift and drag 
characteristics, the chord extensions were drooped 39. 


Comparisons of the results obtained for the wing-body-tail combi- 
nation having chord extensions with those for the combination without 
chord extensions showed that the extensions improved the lift, drag, 
and pitching-moment characteristics ат moderate-to-high lift coefficients 
at subsonic speeds and had small effect on those characteristics at 
supersonic speeds. Static longitudinal instability, which occurred in 
a range of moderate lift coefficients at Mach numbers of 0.6 and 0.8 for 
the model without chord extensions, was either eliminated (M = 0.8) or 
delayed to higher lift coefficients (M = 0.6). Improved variations of 
lift with angle of attack at the aforementioned Mach numbers and 
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increased maximum lift-drag ratios at Mach numbers from 0.6 to 1.3 were 
realized from the addition of chord extensions. Essentially no changes 
in the hinge-moment characteristics were brought about ах either subsonic 
or supersonic speeds by the addition of chord extensions. 


INTRODUCTION 


Ав part of & program devoted to the investigation of components of 
interceptor-type supersonic aircraft, а wing-body-tail combination 
employing & 3-percent-thick triangular wing of &spect ratio 3 and an 
all-movable horizontal tail was tested in the Ames 6- by 6-foot 
supersonic wind tunnel. The wing was mounted high on the body, and the 
tail was below the wing-chord plane. Previous tests of the wing-body 
combination (ref. 1) showed losses in stability at moderate-to-high lift 
coefficients &t subsonic speeds. Tests of modeis similar to the present 
one (ref. 2) have indicated that such variations in stability might be 
avoided or minimized by locating the horizontal tail in certain positions 
below the extended chord plane of the wing; however, when the tail was 
added to the present model, the instability still persisted, and the 
presence of the tail had little influence upon stability variations. 
Therefore, the possibility of improving the stability by modifying the 
wing so &s to reduce the center-of-pressure movement was investigated. 


This center-of-pressure movement has been shown by previous tests 
of thin triangular wings to result from flow separation at the wing tips. 
This flow separation is believed to be accompanied by separation vortices 
(ref. 3) generated on the upper surface bf the wing, which could have 
an adverse effect on the stability. Research on sweptback wings (e.g., 
ref. 4) has shown that improvement of the characteristics of such wings 
can be obtained through the use of leading-edge chord extensions, which 
serve either to eliminate or to reduce separation or vortex-type flow 
over the tip sections. Ап effort was made to improve the longitudinal 
stability characteristics of the present model through the addition of 
such devices. The chord extensions were drooped а small amount in order 
to obtain improved subsonic drag characteristics, such as were reported 
in reference |. | 


The present paper is devoted primarily to the comparison of the lift, 
drag, and pitching-moment characteristics of the wing~body-tail combi- 
nation with and without the leading-edge chord extensions and to the 
presentation of the control-surface characteristics of the combination 
with chord extensions. 
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SYMBOLS 


wing span, in. 
drag coefficient, ESE 
ав 
hinge-moment coefficient, dinge momen’, measured about ап axis 
95 Съ 
at 30 percent of the chord of the horizontal tail 


1174 coefficient, liit 
45. 
pitching-moment coefficient, Pitching moment referred to a 
аве 
horizontal axis through the point on the body axis согге- 
sponding to 35-percent mean aerodynamic chord ог the wing 
local wing chord of the wing without chord extensions, in. 


Local chord of the horizontal tail, in. 


p сРау 
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, in. 


mean aerodynamic chord of the wing, 


mean aerodynamic chord of horizontal tail, in. 


maximum lift-drag ratio 


free-stream Mach number 

free-stream dynamic pressure, 1b/ sq in. 

Reynolds number based on the mean aerodynamic chord of the wing 

wing area, formed by extending the leading and trailing edges 
to the plane of symmetry, sq in. 
(The additional area provided by the leading-edge chord 
extensions has not been included.) 


area of horizontal tail, Pormed by extending the leading and 
trailing edges to the plane of symmetry, sq in. 


— ъи 
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y spamwise distance from plane of symmetry, in. | « 
а, angle of attack of body axis, deg = 
9 angle of horizontal-tail deflection, positive for trailing edge 


down, deg 


ба nominal (по Јова) horizontal-tail deflection, deg 


APPARATUS AND MODEL 


The experimental investigation was conducted in the Ames 6- by 
6-foot supersonic wind tunnel, which is a closed-section, variable- 
pressure-type tunnel with а Mach number range from 0.6 to 0.9 and from 1.2 
to 1.9. А complete description of this facility has been published in : 
reference 5. In this wind tunnel, models are sting-mounted, and over-all 
forces are measured with an internal electrical strain-gage balance. 
The model was also equipped with an electrical strain gage which measured . 
the hinge moments on the horizontal tail. 


The model consisted of a triangular wing, an all-movable horizontel 
tail, two vertical fins, and a body. The wing was mounted in a high 
position on the body, had an aspect ratio of 3, and was composed of NACA 
0003-63 airfoil sections in streamwise planes. During a portion of the 
investigation, the wing was equipped with 13.35-percent-chord, leading- 
edge chord extensions over the outer 50-percent semispan of the wing, 
ав shown in figure 1. The extensions had the same ordinates ав the 
corresponding wing airfoil sections, with smooth fairings providing the 
transitions between the extensions and the wing. The chord extensions 
were drooped 39 with respect to the chord line. 


The horizontal tail, which was mounted in a midposition on the body, 
was pivoted at the 30-percent-chord point and had a taper ratio of 0.4 
and an aspect ratio of 5. The airfoil section in a streamwise plane was 
biconvex, with a maximum thickness-chord ratio of 3 percent at 30-percent 
chord. The tail was supported at the tips by the two vertical fins 
rigidly attached to the wing at the 50-percent-semispan station. These 
fins were of aspect ratio 2.08 and had a 3-percent-thick biconvex section 
in a streamwise plane. The wing and tail surfaces were of solid steel 
construction. Жо га | : t | 


The body was the game ав that described in reference 1 for use in 
conjunction with the wings positioned off the body axis. It had & - 
fineness ratio of 9.86. А photograph of the complete model is shown in 
figure 2. 
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TEST AND PROCEDURE 


Range of Test Varisbles 


Lift, drag, pitching-moment, апй hinge-moment characteristics of 
the model were investigated for & range of Mach numbers varying from 
O.6 to 0.9 and from 1.2 to 1.9 at nominal angles of attack varying from 
-40 to а maximum of +170. Тһе model with horizontal tail installed was 
tested at horizontal-tail deflections varying from 4h? to -2hO, generally 
in ЦО increments. The data were obtained at а Reynolds number of 3.8 
million, based on the wing mean аегодупеш с chord. 


Reduction of Data 


The test data have been reduced to standard NACA coefficient form. 
The pitching moments were calculated about а horizontal &xis through the 
point on the body axis corresponding to 35 percent of the mean aerodynamic 
chord. Factors which affect the accuracy of these dats are discussed in 
the following paragraphs. 


Tunnel-wall interference.- Corrections to the subsonic results for 
the induced effects of the wind-tunnel walls resulting from lift on the 
model were made according to the methods of reference 6. The numerical 
values of these corrections, which were added to the uncorrected data, 
are: 


Aa = 0.5517 Cr, 
АС, = 0.0096 cr 


The correction te the pitching-moment coefficient was negligible. 


Constriction of the flow at subsonic speeds was taken into account 
in the manner outlined in reference T. At & Mach number of 0.9, the 
correction amounted to a 2-percent increase in the Mach number over that 
determined from a calibration of the wind tunnel without а model in 
place. 


For the tests at supersonic speeds, the reflection from the tunnel 
wall of the Mach wave originating at the nose of the body crossed the 
horizontal tail only at a Mach number of 1.2. It is believed that the 
resulting interference effects were small, and no corrections were made 
for tunnel-wall effects. 


Stream variations.- Tests at subsonic speeds in the 6- by 6-foot 
supersonic wind tunnel have indicated а small stream curvature and an 


EER, 
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inelination in the pitch plane of the model. No correction for this 
Stream curv&ture has been made. A survey of the airstream st supersonic 
speeds, reported in reference 5, has shown, curvature and inclination 
only in the yaw plane of the model. The effects of this curvature on 
the measured aerodynamic characteristics of the model are not known but 
are believed to be small, ав they were enews to be in the case of 
reference 8. 


surveys at both subsonic and supersonic speeds indicated that there 
is а static-pressure variation of sufficient magnitude in the wind-tunnel 
teat section to affect the drag measurements. Corrections were added to 
the measured drag coefficients, therefore, to account for the longitudinal 
force resulting from the static-pressure variation. The maximum cor- 
rections were +0.0007 at a Mach number of 0.9 and -0.0008 at a Mach 
number of 1.3. 


Support interference.- At subsonic speeds, the effects of support 
interference on the aerodynamic characteristics of the model are not 
known. 15 is believed that such effects consist primarily of a change 
in the pressure at the base of the model. In an effort to correct at 
least partially for this support interference, the base pressure was 
measured апд the drag data adjusted to correspond to a base pressure 
equal to the static pressure of the free stream. 


At supersonic speeds, the interference of the sting on & body of & 
body-sting combination similar to that of the present model is shown by 
reference 9 to be confined to & change in base pressure. The above- 
mentioned adjustment of the drag for pressure at the base of the model, 
therefore, was applied also to the data obtained at supersonic speeds. 


Precision 


The uncertainties involved in determining dynamic pressure and in 
measuring forces with the sirain-gage balance are described fully in 
reference 10. The following table lists the maximum uncertainty 
introduced into each corrected coefficient by the known uncertainties 
in the measurements: 


Quantity | Uncertainty 
Lift coefficient | +0.002 
Drag coefficient +0.0010 
Pitching-moment coefficient £0.002 
Hinge-moment coefficient Som o. "Qc s O 005 
Mach number | 26 £0.01 
Reynolds number | +0.03 x 108 
Angle of attack | +O. LOS 
Horizontal-tail deflection | `` £0.95? 
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RESULTS 


The experimental results obtained during the investigation are 
presented in tables I and 11 for the complete range of test variables. 
The results for the wing-body and the wing-body-tail combinations with- 
out leading-edge chord extensions are presented in table I, those for 
the combinations with chord extensions in table IT. For the purpose of 
analysis, а portion'of these data is presented in graphical form. 


The effect of the chord extensions on the variation of pitching- 
moment coefficient with lift coefficient for the model with the 
horizontal tail removed (but with the vertical fins attached to the 
wing) is shown in figure 3 for several subsonic and supersonic Mach 
numbers. The effect of the chord extensions on the pitching-moment, 
lift, апа drag characteristics of the wing-body-ts11 combination for a 
nominal horizontal-tail deflection of zero is shown in figure 4 for the 
game Mach numbers. 


In order to permit & more detailed evalustion of the effect of the 
chord extensions on the drag characteristics, the variation with Mach 
number of the drag coefficient at various lift coefficients and the 
variation with Mach number of the maximum lifi-drag ratio are presented 
in figures 5 and 6, respectively. 


The variation of the pitehing-moment coefficient with horizontal- 
tail deflection is shown in figure T. The variations of hinge-moment 
coefficient with horizontal-tail deflection and with angle of attack are 
presented in figures 8 and 9 for the model with chord extensions. А 
study of the data for the combinations with and without chord extensions 
showed essentially no difference in the control-effectiveness and hinge- 
moment characteristics ава result of adding the chord extensions. 
Therefore, only the results for the wing-body-tail combination with 
chord. extensions are presented graphically. The data presented in 


these figures have been limited to Mach numbers of O.6, 0.9, 1.3, and 1.9, 


since these were considered sufficient бо show the variations through 
the Mach number range.  Horizontal-tail deflections noted in figure 8 


are nominal settings of the tail surfaces. The actual deflection апр ез, 


Which changed slightly under aerodynamic load, can be obtained from 
table TI. | | | 


DISCUSSION 


In the section to follow, two features of the data will be 
discussed. First, the effects of the chord extensions on the basic 
aerodynamic characteristics of the wing-body and the wing-body-tsil 


N 
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combinations will be considered. А brief. discussion of the control- 
surface characteristics will follow. 


Basic.Characteristice 


Pitching moment.- Ав was noted previously, some loss in stability 
was shown to exist for the wing-body combination at moderate-to-high 
lift coefficients at subsonic speeds during a previous investigation 
(ref. 1). With the center of gravity at 35-percent mean aerodynamic 
chord, the loss in stability was of such magnitude as to result in an 
unstable variation of pitching-moment coefficient at Mach numbers of 0.6 
and 0.8 for the model with the horizontal tail removed. (See fig. 3.) 
With the horizontal tail added to the wing-body combination (fig. h(a)), 
the unstable variation at these subsonic speeds still existed. That the 
longitudinal instability of the wing-body combination was due largely 
to the instability of the wing-body combination can be determined from 
а comparison of figures 3 and Ка). As indicated in figure 3, addition 
of the chord extensions improved the pitching-moment characteristics of 
the wing-body combination, the instability being either eliminated I 
(M = 0.8) or delayed to a higher lift coefficient (M = 0.6). А similar 
improvement occurred for the wing-body-tail combination (fig. h(a)). 

Tt should be noted that addition of the chord extensions had little 
effect on the tail contribution to the stability. At supersonic speeds, 
the chord extensions had only smali effect on the pitching-moment 
characteristics. : 


Lift.- The results for the wing-body-tail combination without chord 
extensions (fig. 4(b}) showed а range of angle of attack near 8° at 
Mach numbers ОҒ 0.6 and 0.8 in which the lift-curve slope was considerably 
less than at other angles of attack. This decrease in lift-curve slope 
appeared initially at about the same lift coefficient as the onset of 
pitching-moment instability. With chord extensions installed, the lift 
was maintained up to angles of attack of the order of 169. The improve- 
ment in the lift characteristics is believed to be due primarily to 
the ability of the chord extensions to improve the flow over the wing 
tips. At supersonic speeds, the chord extensions had little effect on 
the lift characteristics. The slight increase іп lift-curve slope shown 
in figure h(b) may have been due to the increased area provided by the 
chord extensions. 


Drag.- The drag results, presented in figures Ме) and 5, indicate 
that the addition of the chord extensions increased slightly the minimum 
drag coefficient throughout the speed range investigated, although this 
increase was of the same order of magnitude as the maximum uncertainty 
of measurement. On the other hand, at lift coefficients greater than 
0.2, the chord extensions reduced significantly the drag coefficients at 
subsonic speeds and at a Mach number of 1.3. The reduction in drag at 
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these lift coefficients is believed to be due, primarily, to the small 
amount of camber which resulted from the drooping of the chord extensions. 
Drooping the leading edge tends to maintain high lifting pressures on 
that portion of the wing and to provide & component of force in the 
thrust direction. At Mach numbers greater than 1.5, the beneficial 
effect of the chord extensions on the drag no longer existed. АТ the 
higher 1124 coefficients, the apparent benefit of the chord extensions 
shown at these Mach numbers can be attributed to the increased area 
provided by the chord extensions. 


The effect of the chord extensions on the maximum iifi-drag ratio 
is shown in figure 6. At а Mach number of 0.6 a large increase in 
(2/0) oas was realized, the improvement decreasing with increasing Mach 


number. Іп the supersonic. speed range at Mach numbers of 1.5 and above, 
decreased lift-drag ratios were incurred with the chord extensions 
installed. 


Control-Surface Characteristics 


The following section is devoted to a discussion of the control- 
surface characteristics of the tail when used in conjunction with the 
wing-body combination with chord extensions. As pointed out in Results, 
a study of the data for the models with and without chord extensions 
showed essentially no difference in the control-effectiveness and 
hinge-moment characteristics. Thus, statements made in the following 
discussion also apply to the characteristics of the tail when used with 
the wing-body combination without chord extensions. 


Control effectiveness.- Increasing control effectiveness with 
increasing Mach number was indicated for the subsonic speed range, ав 
shown in figure 7. The variation of pitching-moment coefficient with 
horizontal-tail deflection was linear throughout only a moderate range 
of deflection angles in this speed range. However, for an airplane with 
its center of gravity at 35 percent of the mean aerodynamic chord, this 
moderate range is sufficient to provide static Longitudinal balance 
throughout the range of lift coefficients investigated. A large decrease 
in the effectiveness of the horizontal tail occurred as the Mach number 
was increased from subsonic to supersonic speed. At supersonic speeds, 
the variation of pitching moment with angle of deflection was linear up 
to fairly lerge negative angles, the control effectiveness decreasing 
with increasing Mach number. | 


Hinge-moment coefficient.- As noted above, static longitudinal 
balance could be obtained at subsonic speeds with small deflection of 
the control surfaces. As shown in figures 8 and 9, the variations of 
hinge-moment coefficient with angle of attack and with tail deflection 
were small throughout the range of deflection angles required for balance. 


« нөөш... 
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Ав a result, the control forces required to deflect the horizontal-tail 
surfaces at subsonic speeds would be expected to be small. If, however, 
the center-of-gravity position were moved forward so that larger 
deflection angles were necessary for balance, larger variation of the 
hinge-moment coefficient with deflection angle would be encountered and 
larger control forces would be required. | 


At supersonic speeds, the magnitude of the variations of hinge- 
moment coefficient with angle of attack and with tail deflection 
increased greatly. Ав a result, large control forces would be expected 
to be required in this speed range. For example, if one considered the 
present wing-body-tail combination to be & 1/12 -scale model of an а1г- 
plane with а wing loading of 15 pounds per square foot, the control 
moment at а Mach number of 1.5 would be of the order of 30 times that 
at a Mach number of 0.6 for level flight at an altitude of 30,000 feet. 


CONCLUSIONS 


Experimental wind-tunnel results for а wing-body-t&il combination 
employing & 3-percent-thick triangular wing of aspect ratio 3 in 
conjunction with an unswept, all-movable horizontal tail show that the 
aerodynamic characteristics were improved at moderate-to-high lift 
coefficients at subsonic speeds and only slightly changed at supersonic 
speeds, due to the addition of leading-edge chord extensions to the 
wing. The results of the wind-tunnel investigation are given below. 


Pitching moment.- High-lift instability which occurred at subsonic 
speeds at Mach numbers of 0.6 and 0.8 was either eliminated (M = 0.8) or 
delayed to higher lift coefficients (M = 0.6) through the addition of 
chord extensions. Only a small effect at supersonic Mach numbers 
resulted from the addition of chord extensions. 


Lift.- The addition of chord extensions eliminated undesirable lift 
characteristics at subsonic speeds and had little effect on the lift at 
supersonic speeds. Whereas the variation of lift coefficient with angle 
of attack for the wing-body-tail combination without chord extensions 
decreased rapidly at an angle of attack of about 89 at Mach numbers of 
0.6 and 0.8, the variation for the combination with chord extensions 
had no inflection and 112% was maintained up to angles of about 169. 


Drag.- The minimum drag was increased slightly throughout the Mach 
number range with the addition of chord extensions. At subsonic speeds, 
the drag due to lift was reduced, and the maximum lift-drag r&tios were, 
in consequence, increased. The greatest increase in (L/D) max Was 
obtained-at M = 0.6, the improvement decreasing with Mach number. At 
supersonic Mach numbers of 1.5 and greater, no improvement in drag due 
to lift was realized through the addition of chord extensions. Maximum 
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lift-drag ratios obtained in this Mach number range were, ав a result, 
decreased slightly. 


Control effectiveness.- The control effectiveness of the horizontal 
tail was essentially unchanged by the addition of chord extensions. At 
subsonic speeds the effectiveness increased with increasing Mach number. 
A large decrease in effectiveness occurred ав the Mach number was 
increased from subsonic to supersonic speed. At supersonic speeds the 
effectiveness decreased with increasing Mach number. 


Hinge moment.- Essentially no changes in the hinge-moment 
characteristics of the horizontal tail occurred due to the addition of 
chord extensions. The variation of the hinge-moment coefficient with 
angle of attack and with horizontal-tail deflection was such that the 
control forces required to deflect the horizontal tail would be much 
larger at supersonic speeds then at subsonic speeds. 


Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
Moffett Field, Calif., Oct. 14, 1953 
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TABLE I.- AERODYNAMIC CHARACTERISTICS OF A MODEL EMPLOYING A TRIANGULAR 
WING OF ASPECT RATIO 3 AND AN ALL-MOVABLE HORIZONTAL TAIL; R=3.8 x 10 
(a) Characteristics Рог wing-body combination with horizontal tail 

removed (vertical fins not removed) 
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TABLE I.- AERODYNAMIC CHARACTERISTICS OF A MODEL EMPLOYING A TRIANGULAR 
WING OF ASPECT RATIO 3 AND AN ALL-MOVABLE HORIZONTAL TAIL; 
R=3.8 x 108 - Continued 
(e) Characteristics for wing-body-tail combination; ба = -2° 
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(g) Characteristics for wing-body-tail combination; Š, = -8° 


WING OF ASPECT RATIO 3 AND AN ALL-MOVABLE HORIZONTAL TAII; 
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(h) Characteristics for wing-body-tail combination; 8, = -129 


ЕВЕ 884886 


ара 


251322252202 


Fi 


иш ај 


ASQ IAT ORS 


ТЕНІЗ 


БЕП ЕЕ 


94. ' 5 
82574246858 


441 444444 


МАСА 


LT 


NACA RM A53J1ha, 


е 
2 


TABLE I.- AERODYNAMIC CHARACTERISTICS OF А MODEL EMPLOYING А TRIANGULAR 
WING OF ASPECT RATIO 3 AND AN ALL-MOVABLE HORIZONTAL 
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3.8 x 109 - Continued 
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(3) Characteristics for wing-body-tail combination; 
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(к) Characteristics for wing-body-tail combination; бр = -240 


3.8 х 108 - Concluded 


WING OF ASPECT RATIO 3 AND AN ALL-MOVABLE HORIZONTAL TATL 
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(а) Characteristics for wing-body combination with horizontal tail 
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(b) Characteristics for wing-body-tail combination; Әң = 4h? 


WING OF ASPECT RATIO 3 WITH LEADING-EDGE CHORD EXTENSIONS AND AN ALL- 
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(с) Characteristics for wing-body-tail combination; Sn = 09 
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(f) Characteristics for wing-body-tail combination; ба = -89 


WING OF ASPECT RATIO 3 WITH LEADING-EDGE CHORD EXTENSIONS AND AN ALL- 


TABLE II.- AERODYNAMIC CHARACTERISTICS OF A MODEL EMPLOYING A TRTANGULAR 
MOVABLE HORIZONTAL ТАТТ, - Continued 
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(g) Characteristics for wing-body-tail combination; бр = -129 
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TABLE ТІ.- AERODYNAMIC CHARACTERISTICS OF A MODEL EMPLOYING А TRIANGULAR 
WING OF ASPECT RATIO 3 WITH LEADING-EDGE CHORD EXTENSIONS AND AN ALL- 
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(h) Characteristics for wing-body-tail combination; би = -169 
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WING OF ASPECT RATIO 3 WITH LEADING-EDGE CHORD EXTENSIONS AND AN ALL- 


(j) Characteristics for wing-body-tail combination; ба 
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Figure 1.- Dimensional gketch of the model. 
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Figure 2.- Three-guarter front view of wing-body-tall combination with 
leading-edge chord extensions. 
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Piiching-moment coefficient, Cm 


Figure 3,- Effect of leading-edge chord extensions on the variation of pilching- moment coefficient with lft coefficient 
for а wing-body combination employing a triangular wing of aspect rato 3 (vertical fins attached lo wing) 
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Figure 4.- Е ас? of leading-edge chord extensions on the aerodynamic characteristics of а wing-body-fal! combination 


Priching-moment coefficient, Cm 


employing a iriangular wing of азрес! ratla 3 and an all-movable horizontal tell, &= 0. 
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Figure 5.- Effect of leading-edge chord extensions on the varlotion of the drag coefficient 
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with Mach number for Ме wing-body-Tall combination, 28:50. 
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Figure 6.- Effect of leading-edge chord extensions on the variation of the maximum 
lift-drag ratio with Mach number for Те wing- body- tail combination, ð, 0. 
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Figure 7.- Variation of the pitching-moment coefficient with horizontal-tall deflëction 


for the wing -body-?ail combination with leading-edge chord extensions. 
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Figure 8- Variation of the horizonfal-tail hinge-momen! coefficient with angle of attack 
for the wing-body-tail combination with leading-edge chord extensions 
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Figure 9 ~ Variations of те horízontal-tail hinge-moment coefficient with angle of deflection 


-edge chord exfensions. 
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